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ABSTRACT
ELECTROPHORESIS-BASE DYE ADSORPTION INTO TITANIUM DIOXIDE FILM FOR
DYE SENSITIZED SOLAR CELL APPLICATION. OyeSensitizedSolarCell(OSSC)isoneofrenewable
energysourceswhichhasdemandedasubstitutenonrenewablenergysources.Themostimportantfactor
influencingOSSCperformanceisdyeadsorptioni tosemiconductornano-porousTiOz particles.Thepurpose
of thisworkis tostudytheeffectofdyeeosinY adsorptiononOSSCcharacteristicsbyanelectrophoresis
method.As result,OpenCircuitVoltage(Voc)ofOSSCincreasesastheappliedvoltageof electrophoresis
increases.It is alsofoundthattheeosinY absorbanceatwavelengthof around500nmincreaseswhenthe
electrophoresisvoltageis increased.Theseresultsindicatethatelectrophoresisprocessplaysanimportant
roleindyeadsorption.
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ABSTRAK
PENYERAPAN PEWARNABERBASISELEKTROFORESIS KE DALAM LAPISAN TITANIUM
DIOKSIDA UNTUK APLIKASI DYE SENSITIZED SOLAR CELL. Dye SensitizedSolar Cell (DSSC)
adalahsalahsatusumberenergiterbarukanyangdiharapkanmenggantikansumberenergitidakterbarukan.
FaktorterpentingyangmempengaruhikinerjaDSSC adalahpenyerapanpewarnakedalamsemikonduktor
partikelnano-poriTiOz. Tujuanpenelitiani iuntukmempelajaripengaruhpenyerapanpewarnaeosinY pada
karakteristikDSSC denganmetodeletroforesis.Hasilnya,OpenCircuit Voltage(Voc)dariDSSC meningkat
seiringdenganpeningkatanteganganterpasang.Jugadiperolehbahwapenyerapaneosin Y padapanjang
gelombangsekitar500nmmeningkatapabilateganganelektroforesisditingkatkan.HasH-hasiltersebut
mengindikasikanbahwaproseseletroforesismemilikiperanpentingdalampenyerapanpewarna.
Kata kunci : DSSC, Penyerapanpewarna,Eosin Y,Proseselektroforesis,Teganganpasang
INTRODUCTION
Energydemand,especiallyelectricity,increases
rapidly along with the increase in technology,
industryandinformationdevelopment.The amountof
fossilenergysources,decreaseswithconsumingenergy,
especiallypetroleum,which is the main component
producingelectricalenergy.It is importantomoveaway
from the non-renewable energy sources, toward
sustainablesourcesof energy.One obvioussourceof
energyis solarpower.Sunlightis anabundantnatural
resourceand for manydecadesscientistshave been
interestedto find ways and meansof harnessingthe
energyfromthesun,like solarcells. One typeof thin
film solarcellsis representedby Dye SensitizedSolar
Cells (DSSC), which consist of photo-sensitized
semiconductorsdepositedon conductingoxideanodes
andincludearedoxelectrolyte.Titaniumdioxide(Ti02)
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iscommonlyusedasonewideband-gapsemiconductor
in thisprocessbecauseit is an inert,non-toxic,readily
availableandcheapsemiconductor.
DSSC works on separatedprocessesof light
absorptionandchargeseparation.The lightabsorption
processis performedby thedyeanda wide band-gap
semiconductorcompletesthe chargeseparation.Over
the lastdecade,DSSC haveattractedmuchattention
becausetheseunconventionalsolar cells exhibittheir
simpleconstructionandhavethepotentialfor low-cost
production [1-5]. Recently, energy conversion
efficienciesashighas11% underAM 1.5G irradiation
werereported[6].
TheimportantcomponentsinfluencingDSSC are
Ti02 thin films (porosity, thickness, and surface
structures)[7], typeof dye (photosensitizer)[8], and
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Figure 1. Flow chart of the experiment
at250°e for30minutesinambientconditiontoimprove
Ti02 connection.The stepof theexperimentis shown
inFigure1.
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electrolyte[8,9]. Photosensitizeris one of the most
importantcomponentsinfluencingDSSe performance,
because the choice of sensitizer determines the
photoresponseof the DSSe and initiatestheprimary
stepsof photonabsorptionandthesubsequentelectron
transferprocessto semiconductor[10].Moreover,the
importantfactor of sensitizeris dye adsorptioninto
semiconductornano-porousTi02 particles.It hasbeen
foundthatelectrophoresisprocessfor adsorbingdyeis
effective[11].The purposeof thiswork is to studythe
effect of dye adsorption, which is changed by
electrophoresisprocessonDSSe characterictics.In this
work, eosin Y is used as dye. Eosin Y will form
negativeion in solution so that it can be movedby
electrophoresisprocess.
EXPERIMENTAL METHOD
PreparationTi02 Thin Films
The photoanodeswerepreparedby depositing
Ti02 filmonanindiumtinoxide(ITO) conductinglass.
Ti02 thinfilmswerepreparedwithadding15mL ethyl
alcohol(ethanol)graduallyto3.5gTi02.Thesuspension
continuouslystirred(15 minutes)anddegassedin an
ultrasonicvibratorfor 10minutes.TheedgesoftheFTO
glassplatewerecoveredwitha layerofadhesivetapeto
controlthethicknessof the film andto maskelectric
contactstrips;successivelytheTi02 pastewasspread
uniformlyon thesubstrateby slidinga glassrodalong
thetapespacer.After preparation,thefilmswereheated
Katoda
DyeElectrophoresis
In the electrophoresisexperiment,ITO/Ti02
substratewasusedasthenegativeelectrode(cathode)
and carbon paper(anode)was usedas the positive
electrode.They werepositionedperpendicularto the
liquidsurfacein aglassbeaker.The schematicsetupof
electrophoresisis shownin Figure2. The anodeand
cathodewereplacedparallelinadyeEosinY solutionof
5 x 10-4M. Thevoltageis appliedtobe 0 V, 25V, 51V,
and85V. Theelectrophoresiswasdonefor4 minutes.
Characterization of Dye Absorption in
TiO/ITO Thin Layer
The effectof thedyeadsorbtionintoTi02 film
andamountof dye adsorbedon Ti02 thin film were
investigatedbyUV-Vis Spectrometer(Shimadzhu).The
absorbanceofeosinY ITiO/ITO ateachdifferentvoltage
wasmeasuredinvisiblewavelength(250nm-850nm).
CharacterizationofOpenCircuit Voltageof
theCell
ThePtleelectrodeon ITO substratewasusedas
thecounterelectrode.Theworkingelectrodeandcounter
electrodeweresandwichedand filled with the liquid
electrolyte,whichconsistedof 0.5M LiI, 0.05M 12,and
0.3 M 4-tert-butylpyridinein acetonitrile.Schematic
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Figure 2. Schematic of electrophoresissystem
Electrophoresisyoltlge(V)
Figure 4. Relation curve of electrophoresis voltage
versusVocDSSC
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Figure5. Adsorptionprocessof dyeparticleson TiO,
particles.
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Figure7.Absorbancecurveof EosinY (a)Experiment
and(b) Literature[12]
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Figure 6. Illustrationof Eosin Y adsorptionon TiO,
particle.
diagramof DSSC cell was shown in Figure 3. The
measurementscarriedoutwithhalogenlamp.
RESULTS AND DISCUSSION
In thiswork,theelectrophoresiswasperformed
withappliedvoltagesof 0V, 25V, 51V and85V.Zero
voltageis usedasreferenceto investigatetheeffectof
differentvoltagein electrophoresisagainstamountof
adsorbed yeonTi02thinfilms.To investigateadsorbed
dye,we comparedabsorbance osinY/TiO/ITO layer
on eachdifferentvoltageand measuredopencircuit
voltage.
Figure 4 shows the relationship between
electrophoresisappliedvoltageandtheVoc'Theresult
shows that electrophoresis affects the adsorption
processof dye into Ti02 thin films. Electrophoresis
processmay influence the movementof Eosin Y
moleculesin ethanolsolution.Eosin Y in ethanolwill
formnegativeion.TiO/ITO layeris settobeapositive
electrode,so thateosinY (negativecharges)will move
towardthepositiveelectrode(layerTiO/ITO) dueto
the electricfield.The electrophoresistechniquehelps
dyeadsorptionprocessintoTi02 particles.
ImmersionprocessofTi021ayer indyesolution
iscommonlyused.However,immersionprocessusually
takes many hours to get optimal process of dye
absorption on Ti02 particles. In the process of
electrophoresis,dye adsorptionon Ti02 particlescan
runfasterthentheimmersionprocess.
The morphology (especially pores) of the
semiconductorlayeraffectsthedyeuptake[13].Onthe
structureof Ti02 denselayer,dyewill beadsorbedon
the surfacefirst, andthenthe dyeswill enterinto the
Ti02 poresfurther,asshownin Figure5.
Mechanismthatoccursin electrophoresisis that
eosin Y moleculescan be adsorbedinsidethe pores
betweenTi02particleseasilyduetotheelectricfield,so
in a shorttimeeosinY moleculescanenterdeeperinto
the poresof Ti02 particles(Figure 5). The bonding
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Figure8. AbsorbancecurveTiO, (a)withoutEosinY and(b)withEosinY in variouselectrophoresisvoltage
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processof eosin Y on the surfaceof Ti02 is due to solar cell 20I 0, Agency of the Assessment and
chemicalbondingbetweenions of Eosin Y andTi02 Applicationof Technology,Indonesia.
particles. The functional group (-COOH) of dye
moleculeshasto conjugatewith thehydroxyl(-OH) of
Ti02 [14], as shown in Figure 6. Eosin Y has an
absorbancearea at a wavelength around 500 nm
(Figure7(b).Our resultof EosinY observedbyUV Vis
spectrumin Figure 7(a) agrees with the literature [2].
(Figure7(b)).
Figure8(a)showsabsorbanceUV-Vis spectrum [3].
of Ti02 thin film without adsorbedeosin Y while [4].
Figure 8(b) shows the result of absorbanceUV-Vis
spectrumof Ti02 thin film with adsorbedeosin Y. [5].
It is foundthatthe absorbanceat wavelengtharound
500 nm increaseswith increasing electrophoresis [6].
voltage. Maximum absorbance is obtained for
electrophoresisvoltage of 85 V (highest voltage).
Increasingabsorbanceindicatesthatamountof dye
adsorbedin Ti02 layer is also increased.This result [7].
agreeswith the relationshipof applied voItage-VDC'
asshownin Figure4.
CONCLUSION
In this work, theeffectof dye adsorptioninto
Ti02 thin film on DSSC characteristicswasstudiedby
electrophoresismethod.It is foundthatOpenCircuit
Voltage (V DC) of DSSC cells increased when
electrophoresisappliedvoltageis increased.UV-Vis
spectrumalsoshowsthateosinY absorbanceincreases
whenthe electrophoresisvoltageis increased.These
resultsindicatethatthe electrophoresiscanaccelerate
thedyeadsorptioninto nano-porousTi02 thin film to
obtainhigherlightadsorptioninDSSC.
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